Introduction: In this study, in patients with unilateral migraine headache and in normal controls, it was aimed to assess the sympathetic function during attack, post attack, and interval periods and to compare these findings by recording sympathetic skin responses from the neck area, which was not studied before.
In this study, 58 patients were in compliance with the migraine criteria of International Headache Association 2004. All the patients included in the study stated that most of their headaches were repeated on the same side. Twenty-one patients who had unilateral headaches but had a similar repeating headache on the other side were excluded from the study. In total, 37 patients (30 women and seven men) were evaluated. Routine biochemistry, cranial computed tomography, electromyography (EMG), and neurologic examinations were normal. They had no other known diseases other than migraines. Patients diagnosed with any other diseases as a result of the examinations were excluded from the study.
The recording times of the patients included in the study were categorized as follows: during attack, after attack, and during intervals between attacks. The period during the attack was considered as the period with headache, the period after the attack was considered as 3 days after the headache finished, and the period during intervals between attacks was considered as at least 1 week after the most recent headache. None of the patients received any treatment other than migraine treatment and no patient had any attack preventing treatment before and after the recordings of the periods with attacks. No patients used drugs with long-lasting effects and that were effective on the autonomic nervous system. Patients receiving treatment after recording the attacks were treated with a nonsteroid anti-inflammatory drug (Naproxen sodium 550 mg p.o. 1×1) with the same dose and name. Patients were asked to rate the severity of their headaches on a numeric scale between 0 and 10 during the attacks. Before recording these ratings, patients were informed of the gradation of the scale, in which 0 indicated no headache and 10 indicated unbearable headache.
Twenty-one fully healthy individuals from the faculty staff and students who did not experience any headache such as migraines, did not have any known diseases, did not undergo any drug treatment, and did not demonstrate polyneuropathy on EMG were classified into the control group.
Approval of the Ethics Committee of İzzet Baysal Medical Faculty and informed consent of all study participants were obtained. The examinations were performed via Nicolet Viking IV channel electromyography device. SSR recordings were performed via standard Ag-AgCl electrodes (10 mm in diameter NihonKohden, NM-312S). The recording method was similar to that of Yıldız et al. (19) . Our frequency interval was adjusted between 0.2 and 100 Hz. The time window for recording was 5 s and the screen sensibility was 500 µV/division.
In one day, recordings were performed between 09:00 and 17:00. The room temperature where the recordings were performed was 24±1°C. In the well-ventilated, normally illuminated room, examinations were performed when the patient lied on his back on the EMG stretcher and had a skin temperature of over 32°C. During the examination, the participants were asked to keep their eyes open, not to inspire deeply, not to cough, and not to speak or move their heads during the process.
The recording points are presented in Figure 1 . Each participant underwent bilateral neck examinations, bilateral as right and left sides. After the first response was obtained, 10-15 stimulants in total were provided. Depending on the response pattern, each participant was group as either "bilateral response, " "unilateral response, " or "no response. " Those giving bilateral responses were those with SSR on each side, those giving unilateral responses were those with SSR on one side, and those not giving any responses were those with no responses. Responses of those with spontaneous responses were recorded in 20 s. In those with no responses or with unilateral responses, these data were verified through SSR recordings by providing audio stimulants at the end of each session and having them take deep inspiration.
The electrical stimulant (0.2-ms time pulse square and with a 25-mA severity) was applied on the right median nerve of the wrist. The stimulant was applied irregularly, with intervals of at least 20 s. In the participants who did not give any response, the power of the stimulant was increased in increments of 10 mA until a response was seen and took a reliable form (a maximum electrical stimulant of 100 mA was applied). The participants receiving 10 consecutive stimulants at 100-mA power and not giving any responses on either side were considered as participants without responses.
If the amplitude was over 50 µV and had similar latencies with at least two consecutive stimulants, SSR was considered to have "occurred. " In each response recorded, the peak-to-peak amplitude and beginning latency were measured. Maximum amplitude and average latency values were calculated for right and left sides from the first 10 response pairs.
Statistical Analysis
In the statistical analysis, the symptomatic and asymptomatic side responses of the patient group and the right and left sides of the control group were compared in terms of average latency and maximum amplitudes via two related sample tests (Wilcoxon marked sequence test). In the comparison tests, data of only patients with bilateral responses were used. The correlation constants between the symptomatic and asymptomatic sides of patients and between the right and left sides of the control group were calculated (Spearman test). The data of the control group and the patients were separately compared in terms of the period during the attack, after the attack, and during intervals between attacks using Mann-Whitney U test. A P-value of <0.05 was considered statistically significant.
RESULTS
Thirteen of 37 patients complied with the criteria of migraine with aura and 24 complied with the criteria of migraine without aura. The average age of the patients was 31.06±9.02 (between 18 and 50) years. The control group comprised 16 female and five male participants. The average age of the control group was 29.58±7.63 (between 19 and 45) years.
The illness period, side of the headache, frequency of the headache, the term of the headache during examination, and the headache scores during the attack recordings are presented in Table 1 for each patient. Fifteen patients could be examined in two or three different periods. Table 1 for patients whose recordings could be taken in the same attack cycle. N-SSRs during the attack were observed in 16 patients in total, all of whom had medium and severe headaches during recording (=5 or >5). The average headache score was 7.3±1.5 (between 5 and 10). N-SSRs after the attack were recorded for 17 patients. B-RRS recordings were performed for 18 patients during the period between attacks.
Recordings from the neck could not be made in one of the 21 healthy individuals ( Figure 2 ). There was no significant difference between the right and left side of the remaining 20 individuals in terms of maximum amplitudes and average latencies of N-SSRs. Thus, the data of the right and left sides could be combined. The average latencies, maximum amplitudes, and correlation values between the sides obtained when two sides were evaluated together are presented in Table 2 .
N-SSRs during the Attack in Patients with Unilateral Migraine
During the attack period, the N-SSRs of 16 patients were examined ( Figure 3 ). During this period, there were six patients without responses. Two of the remaining 10 patients had unilateral responses. The side where no response could be obtained in those giving unilateral responses was the asymptomatic side.
The average latencies, maximum amplitudes, and correlation values between the sides obtained during attack are presented in Table 3 .
In patients with bilateral responses, there was no significant difference between the symptomatic side and the asymptomatic side in terms of average latencies and maximum amplitudes.
The maximum the N-SSR amplitudes of the symptomatic and asymptomatic sides were significantly lower compared with those of the 
N-SSRs in the Period after the Attack in Patients with Unilateral Migraine
Seventeen patients in the period after attack were examined in terms of N-SSR. There was no patient without a response. The side without any response in a patient with a unilateral response was the asymptomatic side.
The average latencies, maximum amplitudes, and correlation values between the sides obtained after attack are presented in Table 3 .
There was no significant difference when the maximum amplitude and average latencies in the symptomatic and asymptomatic sides were compared with those of the N-SSRs of the control group.
N-SSRs in the Interval Period without Headache in Patients with Unilateral Migraine
Eighteen patients in this period were examined in terms of N-SSRs. There was no patient without a response. There were two patients with a unilateral response. There was no response in the symptomatic side in one of them and in the asymptomatic side in the other.
The average latencies, maximum amplitudes, and correlation values between the sides obtained during the interval without headache are presented in Table 3 .
There was no significant difference between the symptomatic side and the asymptomatic side in terms of average latencies and maximum amplitudes in the interval period without headache.
The maximum amplitudes of the symptomatic and asymptomatic sides during the interval without headache were significantly lower compared with those of the N-SSRs of the control group. There was no significant difference between the average latencies of the symptomatic and asymptomatic sides and those of the N-SSRs of the control group.
Comparison of the Neck Responses of Patients with Migraine having Headaches on the Left or Right Sides in the Periods during, after, and between Attacks
The average latencies, maximum amplitudes, and results of the comparison of two groups pertaining to the SSRs recorded in the neck regions of the patients with migraine with headaches on the right and left sides in the periods during, after, and between attacks are presented in Table 4 .
When the maximum amplitudes of the SSRs obtained from the neck regions of the patients with migraine with headaches on the right and left sides during the attack were compared, the maximum amplitudes of those whose left sides were symptomatic were lower, whereas there was no significant difference between their average latencies.
When the maximum amplitudes of the SSRs obtained from the neck regions of the patients with migraine with headaches on the right and left sides after the attack were compared, there was no significant difference. However, the average latencies of those whose right sides were symptomatic were significantly longer.
There was no significant difference in the maximum amplitudes and average latencies of the SSRs recorded in the neck regions between those with migraine with headaches on the right and left sides.
DISCUSSION
In summary, it was observed that the findings obtained from N-SSRs were in compliance with the sympathetic hypo-function during the headache, particularly in the period when the headache was medium or severe. It was detected that a relatively hyper function developed within 3 days immediately after the headache in the region where hypo-function was observed before had disappeared and there was no significant difference any more compared with normal cases; again, hypo-function was observed in this region in the period at least 1 week after the headache. 154 It has been reported that the amplitudes of the SSRs obtained from the homologous regions in the two sides of the body must be relatively similar because the anatomic and physiological factors in these homologous regions are similar (19, 20, 21, 22, 23) . Additionally, it has been argued in many case reports and studies that sudomotor innervation can be undertaken by parasympathetic fibers when the sympathetic fibers recessed (20, 24) . However, as a common view, in diseases with failure of the sympathetic nervous system or, more generally, the autonomous nervous system, for example, in diseases such as pure autonomic failure, multisystem atrophy etc., it has been reported that sympathetic hypo-function supports the inability to obtain the response in skin responses from the hands and feet (5, 25, 26, 27) .
In this study, six of the patients undergoing SSR recordings from their neck regions during attacks were bilaterally without responses (6/16, 38%). Two of the remaining 10 patients had unilateral responses (2/16, 13%). Although there was one patient with a unilateral response after the attack and two patients with unilateral responses during the attack, there were no participants with unilateral responses in the control group. However, there was one participant without a response in the control group. It was considered that the patients from whom we could not obtain N-SSRs may have sympathetic hypo-function. In certain previous studies, it has been asserted that the sympathetic hypo-function in the facial blood vessel and pupil in unilateral migraine could be bilateral (8, 28, 29) . Similarly, in this study, the changes in the neck responses observed in both the symptomatic and asymptomatic sides in patients with a unilateral response were in line with the presence of bilateral pathology.
Drummond demonstrated that the pupil diameter was smaller during headache in patients with unilateral migraines (30) . The same researcher stated in different studies that there was unilateral sympathetic hypo-function during migraine attacks in patients with unilateral migraines (8, 28) . In this study, although there was no significant difference between the symptomatic and asymptomatic sides in patients with bilateral responses, it is interesting that the side where no response could be obtained was the asymptomatic side in all patients, except for one.
It was detected that N-SSRs reached normal values, demonstrating a relative hyper-function in the first 3 days after the headache bilaterally.
The fact that the activity of the trigeminovascular system, which is active during headaches, decreased after the headache occurred may have led to the increase in symptomatic activity after the headache occurred, which was found to be hypoactive during the headache. It is possible that the increase in the symptomatic output prevents the trigeminovascular activation, resulting in the elimination of the headache and in recovery. Till date, the period just after the headache has stopped has not been examined separately, as in this study. It was considered that the conflicting results of the activity of the sympathetic system in migraines may result from the fact that the periods after attacks and during the interval between attacks were not separated, and this may be an important reason for the observation of hyper-function in some of the studies.
After separation from the superior cervical ganglion, postganglionic and sympathetic fibers are separated into two groups together with carotis communis bifurcation. Certain fibers proceed with carotis artery, whereas others proceed with external carotis artery. Although the fibers proceeding together with the internal carotis artery innervate the medial part of the forehead and the eye, those proceeding with the external carotis artery are responsible for the innervation of the lateral and upper parts of the forehead and the other parts of the face (31) . There are many studies examining the pupillary function in migraine and asserting that there is sympathetic hypo-function (4, 7, 8, 28, 30, 32) . Drummond asserted that the sympathetic dysfunction observed in migraine results from the compression of the sympathetic plexus around the internal carotis artery in the internal carotid channel (8) . In this study, because the neck region where SSRs were examined are innervated not by the internal carotis artery but by the external carotis artery or its branches (postauricular and occipital branches), it was considered that only the fibers proceeding with the internal carotis artery were not kept.
The differences in the SSRs of those whose headaches were on the right side and those whose headaches were on the left side were examined. When only the responses of the patients with bilateral responses were compared for the period during the attack, it was detected that those having headaches on their left sides had significantly smaller responses. In the periods after attacks and during intervals between attacks, there was a significant amplitude difference between those having headaches on their right sides and those having headaches on their left sides. Avnon et al. (33) argued that the autonomic control of the brain is asymmetric, with the left hemisphere mostly undertaking the parasympathetic function and the right hemisphere mostly undertaking the sympathetic function. The present study demonstrated that a more evident sympathetic hypo-function occurred during the headache in those having headaches on their left sides and made us consider that right-and left-sided migraines must be investigated separately.
Again, in a study conducted in our clinic, the SSRs from the frontal regions (F-SSR) of patients with migraine were recorded (34) . According to this study, the symptomatic and asymptomatic sides behave differently in the frontal region; however, similar to N-SSRs, hypo-activity is observed during an attack in F-SSRs as well. In the period after the headache, the sudomotor hyper-function is more dominant on the symptomatic side. Our findings demonstrate that the N-and F-SSRs both had similar and different features that complete each other. As a result, the sympathetic sudomotor activity of the neck region is bilaterally hypo-active during a migraine headache. In the period after the attack, the neck region becomes bilaterally more active compared with that in the interval period. In the interval period, the neck is again bilaterally hypo-active.
It has been considered that many cortical and subcortical regions are affected and the periods with and without headaches must be clearly separated in the clinical studies of this disease.
